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(54) METHOD OF PRODUCING ALLOY FOR IRON-BASED RARE EARTH MAGNET 
(57)Abstract: 

PROBLEM TO BE SOLVED: To Stably produce a rapidly cooled alloy for a high 
performance nanocomposi te magnet by using a rapid cooling device having a relatively 
low rapid cooling rate. 

SOLUTION: A primary rapid cooling stage where the molten metal of an iron-based rare 
earth magnet alloy is rapidly cooled, so that crystallization is started in the 
process of solidifying the molten metal is performed. Thereafter, a second rapid 
cooling stage where the alloy in which crystallization has been started by the first 
rapid cooling stage is contacted with a cooling medium, and the alloy is further 
rapidly cooled to suppress the growth in the grains of the crystal phase is 
performed. Thus, the alloy temperature is changed so as to follow a cooling path 1. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

The 1st quenching process that makes crystallization start in a process in which 
said molten metal is solidified by quenching a molten metal of an alloy for iron 
group rare earth permanent magnets. 

The 2nd quenching process that contacts an alloy which started crystallization 
according to said 1st quenching process to a cooling medium, quenches said alloy 
further by it, and controls grain growth of a crystal phase, 

A manufacturing method of an alloy for iron group rare earth permanent magnets to 
i ncl ude . 
[Claim 2] 

A manufacturing method of the alloy for iron group rare earth permanent magnets 
according to claim 1 including a process at which said 1st quenching process 

Page 1 



JP-A-2004-306054 

quenches a molten metal of said alloy with a congruence chill roll method. 

[Claim 3] 

A manufacturing method of the alloy for iron group rare earth permanent magnets 
according to claim 1 or 2 which is a metallic roll of a couple which rotates said 
cooling medium to a counter direction mutually. 
[Claim 4] 

A manufacturing method of the alloy for iron group rare earth permanent magnets 
according to any one of claims 1 to 3 which is a hard magnetic phase in which said 
crystal phase revealed by crystallization by said 1st quenching process has a 
Nd2Fel4B type crystal structure. 
[Claim 5] 

A manufacturing method of the alloy for iron group rare earth permanent magnets 
according to any one of claims 1 to 4 which sets temperature of said alloy when 
contacting said alloy to said cooling medium by said 1st quenching process as the 
not less than 700 ** range of 850 ** or less. 
[Claim 6] 

A process of producing an alloy for iron group rare earth permanent magnets with a 
manufacturing method of the alloy for iron group rare earth permanent magnets 
according to any one of claims 1 to 5, 

A process of performing heat treatment to said alloy for iron group rare earth 
permanent magnets, 

A manufacturing method of an iron group rare earth permanent magnet to include. 

[Claim 7] 

A manufacturing method of the iron group rare earth permanent magnet according to 
claim 6 which forms a nano composite magnet organization which a hard magnetic phase 
and a soft magnetic phase combined magnetically by a process of performing said heat 
treatment. 



[Translation done.] 
* NOTICES * 

JPG and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. *""" shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the Invention] 

:oooi] 

^Field of the invention] 

This invention relates to the manufacturing method of the alloy for iron group rare 

earth permanent magnets which has fine crystal structure. 

[0002] 

[Description of the Prior Art] 

As an iron group rare earth permanent magnet used suitably for a bond magnet, the 
nano composite magnet attracts attention. A nano composite magnet is a magnet which 
the hard magnetic phase and the soft magnetic phase combined magnetically including 
two or more kinds of fine crystal phases. Although it is predicted theoretically 
that the nano composite magnet of an iron group rare earth system demonstrates the 
high performance which exceeds the haplotype magnet which makes Nd2Fel4 B phase a 
main phase, the nano composite magnet with the performance which was excellent such 
at present is not mass-produced. 
[0003] 

As a method of manufacturing quenching magnets, such as a nano composite magnet, 
there are a melt spinning process and strip casting method, and such conventional 
technologies are indicated by the patent documents 1, for example. When 
manufacturing a quenching magnet by conventional technology, the quenching alloy 
which contains both the quenching alloy of an amorphous state or an amorphous phase. 
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and a fine crystal phase from a molten metal by fluid rapid quenching, such as a 
melt spinning process, is produced first. Then, the process of causing 
crystallization is performed by heating these quenching alloys. 
[0004] 

In a melt spinning process or strip casting method, a molten metal can be supplied 
to the surface of the rotating cooling roller, and it can quench and solidify by 
taking the heat of a molten metal quickly. When quenching a molten metal using such 
a cooling roller, the cooling rate at the time of quenching is adjusted by 
controlling the supply rate of a molten metal, and the surface velocity of a 
quenching roll . 
[0005] 

The time when the alloy touches the quenching roll is very short. For this reason, 
the alloy which is still in a high temperature state (for example, 700-900 will 
be continuously breathed out from a surface of action with a quenching roll. The 
alloy of a high temperature state is in the state where it extended for a long time 
in band-like, and while heat is taken by the surrounding controlled atmosphere, it 
gets cold further to a room temperature grade (natural radiational cooling). 
[0006] 

Conventionally the nano composite magnet which has the organization which Nd2Fel4 B 
phase which bears hard magnetism, and alpha-Fe phase and the iron group boride phase 
which bear soft magnetism distributed uniformly and minutely. After the amorphous 
phase produced the rapid solidification alloy which occupies most by quenching the 
molten metal of a specific presentation, the rapid solidification alloy was heated 
and it was produced by the method of crystallizing, in this case, when the cooling 
rate in a quenching process was reduced, the crystalline structure where alpha-Fe 
etc. deposited was formed into the alloy immediately after quenching, and there was 
a problem which alpha-Fe of soft magnetism, etc. make big and rough by subsequent 
heat treatment. 
[0007] 

However, by adding Ti to alloy composition, these people control a deposit and 
growth of alpha-Fe by the cooling process of a molten metal, find out that the 
quenching alloy which contains many Nd2Fel4 B phases by it is producible, and are 
indicating to the patent documents 1 and the patent documents 2. It wrote possible 
that addition of Ti reduced the cooling rate in a quenching process, and it became 
possible to manufacture a nano composite magnet using the strip casting method the 
cooling rate excelled [ casting method ] in mass production nature low relatively. 
[0008] 

On the other hand, these people are indicating the method of heating or cooling the 
alloy in a metallic glass state to the patent documents 3, after forming a metallic 
glass state by quenching a molten metal as art which controls the organization 
constitution of a quenching alloy. 
[0009] 

[Patent documents 1] 
3P, 2002-175908, A 
[Patent documents 2] 
WO 02 / 39465A1 pamphlet 
[Patent documents 3] 
3P, 2001-319821, A 
[0010] 

[Problem(s) to be Solved by the invention] 

when based on strip casting method, it is difficult to keep constant the amount of 
supply of the molten metal per unit time to a roll, and when the molten metal amount 
of supply per unit time increases too much, there is a problem it becomes 
insufficient cooling with a cooling roller, if cooling becomes insufficient, even if 
it is the presentation by which Ti was added, it may be difficult to obtain the iron 
group rare earth permanent magnet which the crystalline structure in a quenching 
alloy became big and rough, and was excellent in magnetic properties as a result. 
Such a problem is notably produced, when a quenching alloy accumulates on the 
collection tank of a device in the state where it is not fully cooled. 
[0011] 

On the other hand, when the roll circumferential speed was made high for gathering a 
quenching rate as a result of one of this invention persons considering production 
of the quenching alloy by a congruence chill roll method, the quenching thin band 
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coiled around the roll, and a thin band was not able to be obtained by being 
stabilized. As a result, in order to obtain a quenching thin band by being 
stabilized, it needed to quench with the quenching rate still later than strip 
casting, and there was also a problem that the iron group rare earth permanent 
magnet which was excellent in magnetic properties as a result could not be obtained. 

[0012] 

this invention is made in view of these many points, and comes out. Even if the 
quenching method that a quenching rate is comparatively low is used for the purpose 
like casting method or a congruence chill roll method, there is in providing the 
manufacturing method of the alloy for iron group rare earth permanent magnets in 
which the nano composite magnet which was eventually excellent in magnetic 
properties is obtained. 

[0013] 

[Means for Solving the Problem] 

A manufacturing method of an alloy for iron group rare earth permanent magnets of 
this invention, The 1st quenching process that makes crystallization start in a 
process in which said molten metal is solidified by quenching a molten metal of an 
alloy for iron group rare earth permanent magnets. An alloy which started 
crystallization according to said 1st quenching process is contacted to a cooling 
medium, said alloy is further quenched by it, and the 2nd quenching process that 
controls grain growth of a crystal phase is included. 
[0014] 

In a desirable embodiment, said 1st quenching process includes a process of 
quenching a molten metal of said alloy with a congruence chill roll method. 
[0015] 

In a desirable embodiment, said cooling medium is a metallic roll of a couple which 
rotates to a counter direction mutually. 

[0016] 

In a desirable embodiment, said crystal phase revealed by crystallization by said 
1st quenching process is a hard magnetic phase which has a Nd2Fel4B type crystal 
structure. 
[0017] 

In a desirable embodiment, temperature of said alloy when contacting said alloy to 
said cooling medium by said 1st quenching process is set as the not less than 700 
range of 850 ** or less. 
[0018] 

A process at which a manufacturing method of an iron group rare earth permanent 
magnet of this invention produces an alloy for iron group rare earth permanent 
magnets with a manufacturing method of an alloy for iron group rare earth permanent 
magnets of one of the above, and a process of performing heat treatment to said 
alloy for iron group rare earth permanent magnets. 
It includes. 
[0019] 

In a desirable embodiment, a hard magnetic phase and a soft magnetic phase form a 
nano composite magnet organization which joined together magnetically by a process 
of performing said heat treatment. 
[0020] 

[Embodiment of the invention] 

The manufacturing method of the alloy for iron group rare earth permanent magnets by 
this invention, The 1st quenching process that makes crystallization start in the 
process in which a molten metal is solidified by quenching the molten metal of the 
alloy for iron group rare earth permanent magnets. By contacting the alloy which 
started crystallization by this 1st quenching process to a "cooling medium", an 
alloy is quenched further and the 2nd quenching process that controls the grain 
growth of a crystal phase is included. 
[0021] 

In this invention, as mentioned above, a molten metal is quenched by the 1st 
quenching process, by it, alloy temperature is reduced and the state of an alloy is 
changed from the liquid phase to solid phase. And after crystallization begins in 
the solidifying process of an alloy, it has the big feature at the point of 
performing the 2nd quenching process so that alloy temperature may not rise by 
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crystallization generation of heat. By performing this 2nd quenching process, it 
becomes possible to obtain the fine texture which is not obtained depending on the 
natural heat dissipation which carried the controlled atmosphere by being 
stabilized. 
[0022] 

Hereafter, the fundamental concept of this invention is explained, referring to 

drawing 1 and drawing 2. 

[0023] 

Drawing 1 is a graph which shows the temporal change of the alloy temperature in the 
case of quenching a molten metal and changing the state from the liquid phase to 
solid phase. The vertical axis of a graph shows alloy temperature and the horizontal 
axis shows the lapsed time (logarithmic display) from contact with a molten metal 
and a quenching roll. 
[0024] 



The cooling courses 1-3 and the generation field of crystal phase A-C are typically 
shown in the graph of drawing 1. if two steps of quenching by this invention are 
performed, a molten metal will be changed and solidified from the liquid phase to 



solid phase through the cooling course 1. The 1st quenching process in this example 
is performed by contacting a molten metal on the surface of a cooling roller. The 
starting point of the cooling course 1 corresponds, when a molten metal contacts on 
the surface of a cooling roller in the 1st quenching process, and the point a on a 
cooling course corresponds, when an alloy separates from the surface of a cooling 
rol 1 er . 
[0025] 

Alloy temperature falls, while [ very short ] it is in contact with the cooling 
roller, in the example shown in drawing 1, the core of the crystal phase A shall 
generate in the state ("the state a" is called hereafter.) in the point a of the 
cooling course 1. The organization of the alloy in this state a is shown in drawing 
2 (a). 
[0026] 

when producing the alloy for nano composite magnets which contains a Nd2Fel4B type 
compound as a hard magnetic phase, the crystal phase A is a Nd2Fel4B type compound, 
for example, in this case, the small white point shown in drawing 2 (a) shows the 
core of the crystal growth of a Nd2Fel4B type compound typically. A Nd2Fel4B type 
compound (= crystal phase A) will grow focusing on these cores, actually, it may be 
late alike and a deposit and growth of the crystal phase A may be started, if it may 
start earlier than the time of being shown in respect of [ a ] a cooling course. 
Here, since it is easy, suppose that this invention is explained assuming that 
crystallization begins to the timing to which the alloy left the cooling method 
(cooling roller) for the 1st quenching process. 
[0027] 

In this invention, the heat of an alloy is positively taken by performing the 2nd 
quenching process, without leaving cooling of an alloy to free radiational cooling, 
after the core of the crystal phase A generates and crystallization begins according 
to the 1st quenching process of a molten metal. For this reason, also while the 
crystal phase A is growing, alloy temperature falls, and it passes through the 
generation temperature field of the crystal phase B promptly (cooling course 1 of 
drawing 1) . As a result, in the final state b-1, as shown in drawing 2 (b-1) , the 
organization which the detailed crystal phase A and the crystal phase B distributed 
is obtained, and it becomes possible to demonstrate the characteristic which was 
excellent in the nano composite magnet to the maximum extent. 
[0028] 

Next, the case where it is cooled through the cooling course 2 of drawing 1 is 
explained, in this example, the 2nd quenching process is not performed after the 1st 
quenching process. As a result, with the crystallizing reaction heat emitted with 
the crystallization start of the crystal phase A, alloy temperature will not fall 
promptly, but the cooling course 2 shown in drawing 1 will be followed, and the 
residence time of the field where the crystal phase A deposits and grows easily 
becomes long. For this reason, remelting and the growth process of a crystal nucleus 
advance, and after generation of the crystal phase A is completed, crystallization 
of the crystal phase B begins. For this reason, in the final state B-2, as shown in 
drawing 2 (b-2), the organization which the crystal phase A made big and rough is 
obtained. 
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[0029] 

Next, the case where it is cooled through the cooling course 3 of drawing 1 is 
explained. Although the 2nd quenching process is not performed after the 1st 
quenching process in this case, in this example, there is much quantity of the 
crystallizing reaction heat emitted with the crystallization start of the crystal 
phase A, and alloy temperature rises temporarily. Therefore, the core of the crystal 
phase A will carry out a remelting solution, and the target crystal phase C (phase 
unnecessary for a nano composite magnet) will be generated. Thus, after the crystal 
phase C generates, the crystal phase A and the crystal phase B grow in this order. 
For this reason, in the final state B-3, as shown in drawing 2 (b-3) , the nano 
composite magnet organization which the crystal phase A and the crystal phase B 
combined magnetically is not obtained by big and rough existence of the crystal 
phase C. 
[0030] 

Thus, in the cooling courses 2 and 3, the 2nd quenching process is not performed but 
the fall of the alloy temperature after [ of the point a example of cooling on the 
street ] a time is produced by free radiational cooling. On the other hand, in this 
invention, after crystallization begins on the way of [ cooling ], growth of the 
crystal phase in a cooling process is controlled by performing the 2nd quenching 

frocess and also quenching an alloy. 
0031] 

with "free radiational cooling" in this specification, heat is taken via a 
controlled atmosphere and the alloy thin band which is distant from the cooling unit 
surface of quenching means, such as a quenching roll, is automatically cooled by it 
— a thing meaning is carried out. "Quenching" shall mean taking the heat of an 
alloy at the rate in which a controlled atmosphere is quicker than the rate which 
takes heat from an alloy, and reducing alloy temperature with a cooling rate quicker 
than the cooling rate by free radiational cooling by "free radiational cooling." 
[0032] 

when based on this invention, quenching by the 1st quenching process is completed 
and the period when quenching in the 2nd quenching process is actually performed 
starts after the time of crystallization beginning. There is a point important as a 
role of the 2nd quenching process in controlling appropriately the crystal growth in 
the middle of cooling by taking the heat promptly, when crystallization begins 
within an alloy and crystallizing reaction heat nas occurred. 
[0033] 

Although the art which controls the temperature of metallic glass before starting 
crystallization after the 1st quenching process and within an alloy to the patent 
documents 3 is indicated, controlling crystal growth is not taught by taking the 
heat produced by crystallization generation of heat. 
[0034] 

Hereafter, the desirable embodiment of the iron group alloy magnet by this invention 

is described. 

[0035] 

[Presentation] 

Especially the manufacturing method of this invention is suitably adopted, when the 
crystal phases revealed by crystallization in the 1st and 2nd quenching processes 
and/or after a quenching process are a hard magnetic phase which has a Nd2Fel4B type 
crystal structure, and a soft magnetic phase of iron or iron group boride. 
[0036] 

In a desirable embodiment, adoption ------ can perform the presentation indicated to 

the patent documents 2. This presentation is expressed by 

(Fel-mTm)lOO-x-y-z-nCBl-pCp) xRyTizMn. One or more sorts of elements chosen from the 

?roup which T becomes from Co and nickel here, one or more sorts of elements chosen 
rom the group which R becomes from Y (yttrium) and a rare earth metal, and M, They 
are one or more sorts of elements chosen from the group which consists of aluminum. 
Si, v, Cr, Mn, Cu , Zn , Ga, zr, Nb, Mo, Ag, Hf, Ta, w, Pt, Au , and Pb. The 
composition ratio (atomic ratio) x, y, and z, m, n, and p are 10<x<=25atom%, 
7<=y<10atom%, 0. 5<=z<=12atom%, 0<=m<=0.5, 0<=n<=10atom%, and 0<=p<=0.25, 
respectively. 
[0037] 

[Manufacturing installation] 

Drawing 3 is a figure showing the example of 1 composition of the device which may 
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be used suitably for the manufacturing method of the alloy for iron group rare earth 
permanent magnets by this invention. The device currently illustrated is provided 
with the fol Towing. 

The nozzle 3 emitted while heating the molten metal 1 with the heater 2. 
One pair of quenching rolls 4 for cooling the molten metal 1, 

The secondary roll 6 for performing the 2nd quenching process to the alloy 5 cooled 
by the quenching roll 4. 

The heater 7 which holds the surface of the secondary roll 6 to the temperature of a 
prescribed range. 

The hearth 9 of the molten metal 1 is formed between one pair of quenching rolls 4. 
[0038] 

In the device currently illustrated, quenching of the 1st quenching process is 
performed by cooling by the quenching roll 4, and quenching of the 2nd quenching 
process is performed by cooling with the secondary roll 6. That is, according to 
this embodiment, the secondary roll 6 functions as a "cooling medium." 
[0039] 

The infrared thermal image metering device 10 for measuring the temperature change 
of the alloy 5 is typically shown in drawing 3. According to this device 10, the 
temperature of each part of an alloy can be measured and it becomes possible to ask 
for the temporal change of alloy temperature by it. where only the secondary roll 6 
is removed, the temperature of the alloy 5 in the position in which the secondary 
roll 6 and the alloy 5 should be contacted can be measured by measuring the 
temperature of the alloy 5. Thus, it becomes possible to determine appropriately the 
position in which the secondary roll 6 and the alloy 5 should be contacted based on 
the measured alloy temperature. 
[0040] 

As mentioned above, in this invention, to the alloy which started crystallization at 
the time of quenching of the 1st quenching process, or the alloy which started 
crystallization immediately after quenching of the 1st quenching process, the 2nd 
quenching process is quenched and growth of a crystal phase is controlled. Supposing 
it does not quench the 2nd quenching process, growth of a crystal phase will 
progress, and according to [ place which leads to degradation of final magnetic 
characteristics ] this invention, since growth of such a crystal phase can be 
controlled, it becomes possible to produce the quenching alloy which may reveal 
outstanding magnetic characteristics. It is necessary to start the 2nd quenching 
process, without the alloy temperature which is falling missing the timing included 
in a prescribed range, in order to perform the 2nd quenching process accurately 
after starting this crystallization, in a certain desirable embodiment, the alloy in 
the state where alloy temperature is within the limits of not less than 700 850 

or less is contacted on the secondary roll 6. As for the timing to which the 
alloy which left the quenching roll 4 contacts the secondary roll 6, after an alloy 
leaves the quenching roll 4, it is preferred that it is within the limits of 0.01 to 
0.2 second. 
[0041] 

Although the alloy 5 is quenched in the example of composition of drawing 3 using 
the secondary roll 4 which functions as a cooling medium, other cooling media may be 
used combining a roll instead of using such a roll. The "cooling media in this 
specification may be the gas which was able to give the rate of flow beyond a 
predetermined value, the cooled gas, etc., in order to raise the gas which 
heightened the cooling effect compared with the controlled atmosphere about [ usual 
/ which abbreviated-stood it still ] a room temperature, for example, a chilling 
effect . 
[0042] 

The temperature of the quenching alloy contacted to a cooling medium is suitably 
chosen by alloy composition. Although what is necessary is just to specifically 
determine using the infrared thermal image metering device etc. which carried out 
point **, the temperature of a quenching alloy should just make a cooling medium 
contact typically at the time oi^ 700 to 850 **. 
[0043] 

[Manufacturing method] 

Hereafter, the embodiment of the manufacturing method of the alloy for iron group 

rare earth permanent magnets by this invention is described. 

[0044] 
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The molten metal which has first the presentation mentioned above is produced, the 
1st quenching process is performed using the device shown in drawing 3, the 
temperature of an alloy is reduced, and crystallization is made to start in this 
embodiment. Then, skin temperature performs the 2nd quenching process using the 
secondary roll (congruence roll) 6 held at 500 or less. 
[0045] 

According to this embodiment, in order to quench, the single chill roll method and 
congruence chill roll method which used the roll kneader are suitably employable. 
What is necessary is just to carry out roll surface speed in not less than 2 
m/second 18 m/second or less, in order to perform the above-mentioned cooling using 
a congruence chill roll method. 
[0046] 

It is preferred to perform quenching in the inert gas atmosphere of 70 or less kPa 
or a vacuum. When ambient pressure power exceeds 70kPa, a controlled atmosphere 
becomes is easy to be involved in between the surface of a roll kneader, and a 
molten metal. Quenching stably becomes difficult, in order that a gas pocket may 
arise on the surface of an alloy belt, and uniform quenching may not be attained but 
a quenching organization may become uneven, if the contamination of such a 
controlled atmosphere occurs. Especially the range of 35 or less kPa with preferred 
gas pressure in the case of quenching in an inert gas atmosphere is about 1.5 kPa. 
[0047] 

As for the surface of a secondary roll, it is [ below lower limit temperature of the 
generation field of the crystal phase B in drawing 1 ] preferred to more 
specifically set it as the temperature of 500 or less, for example, when the skin 
temperature of a secondary roll exceeds 500 since cooling in the 2nd quenching 
process becomes insufficient and it becomes impossible to fully control growth of a 
crystal phase, it is not desirable. 
[0048] 

As construction material of the roll kneader used for quenching, it is preferred to 
adopt pure copper, a copper alloy, iron, brass, tungsten, and bronze from a 
thermally conductive viewpoint. It is preferred from a point of a mechanical 
strength and economical efficiency to use also in these the alloy which uses copper, 
iron or copper, and iron as the main ingredients. 
[0049] 

As material of roll of a secondary roll, a coefficient of thermal expansion is small 
and material with high hardness at the time of heating is preferred. For example, 
carbon steel, die steel, high speed steel, W-C, molybdenum, ceramics, etc. are 
employable. 
[0050] 

[Heat treatment] 

It is preferred to perform heat treatment using a publicly known thermal treatment 
equipment for the purpose of raising magnetic properties to the quenching alloy 
solidified through the above-mentioned two-step quenching process. This heat 
treatment may be performed after grinding a quenching alloy coarsely. By this heat 
treatment, the nano composite magnet which was excellent in the characteristic is 
obtained. 
[0051] 

According to a desirable embodiment, in a vacuum or inert gas atmospheres, such as 

argon gas, a quenching alloy is heat-treated at the temperature of 500 - 900 

By such heat treatment, crystallization of the amorphous phase which remained in the 

quenching alloy is advanced, and the iron group rare earth permanent-magnet stone 

which has more outstanding magnetic properties can be obtained. 

[0052] 

[Crystal structure] 

The soft magnetic phase of iron or iron group boride and the hard magnetic phase 
which has an R2Fel4B type crystal structure are intermingled, and the metal texture 
of the iron group rare earth permanent magnet produced by the manufacturing method 
of this invention has the nano composite structure which these phases have combined 
magnetically by the exchange interaction. Each average crystal grain diameter of a 
soft magnetic phase and a hard magnetic phase is 1 nm or more 100 nm or less, and 
especially the average crystal grain diameter of a soft magnetic phase is as small 
as 30 nm or less, in the most desirable gestalt, a soft magnetic phase forms the 
layer of the film state which is about 5 nm in thickness, and encloses the hard 
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magnetic phase. The organization of such a gestalt is suitably formed, when Ti is 

added . 

[0053] 

The iron group rare earth permanent magnet produced by the above method may be 
applied to various kinds of devices in various modes. How to manufacture a bond 
magnet hereafter using the powder of the iron group rare earth permanent magnet 
produced with the manufacturing method of this invention is explained briefly. 
[0054] 

First, a compound is produced by adding and kneading the binder and additive agent 
which become the powder of the above-mentioned iron group rare earth permanent 
magnet from an epoxy resin. Next, after carrying out press forming of the compound 
all over an orientation magnetic field with molding equipment, a final bond magnet 
can be obtained through a heat cure process, a washing process, a coating process, 
an inspection process, and a magnetization process. This bond magnet is used 
suitably for various motors and actuators. 
[0055] 
[Example] 

(An example and a comparative example) 

In the example described below, after quenching a molten metal by the 1st quenching 
process using the Ist-step congruence roll (iron) of the device shown in drawing 3, 
the congruence roll (product made from the hot work tool steel SKD61) arranged on 
the lower berth performed the 2nd quenching process. On the other hand, in the 
comparative example, using the same device, only the 2nd quenching process with a 
congruence roll was skipped, and other processes were performed like the process in 
an example. 
[0056] 

Hereafter, an example and a comparative example are explained in detail. 

[0057] 

First, the empirical formula dissolved the raw material alloy expressed by 
Nd9Fe73Bl2 .6Cl.4NblTi3 using the crucible made from quartz which has an orifice 1 mm 
in diameter in the lower part. Dissolution atmosphere was made into a vacuum of 0.07 
Pa or less, when the temperature of a raw material alloy molten metal became 1350 
the molten metal was dropped at the surface of the primary roll which rotates 
with the peripheral velocity shown in Table 1, and the 1st quenching process was 
performed. 
[0058] 

Then, in the example, between one pair of secondary rolls which function as a 

cooling medium further was passed, and the rapid solidification alloy was produced. 
Atmosphere at the time of quenching was performed by a vacuum atmosphere of 0.07 Pa 
or less. On the other hand, in the comparative example, natural radiational cooling 
was performed after the 1st quenching process not using the secondary roll. 
[0059] 

In the example, the gap between rolls of the roll which functions as a cooling 
medium was set as 80 micrometers. The temperature of the 2nd roll that functions as 
a cooling medium was set up as shown in Table 1, and the roll circumferential speed 
was set up identically to the 1st step. 
[0060] 
[Table 1] 



[0061] 

In this way, as a result of performing an x diffraction about the thin band of the 
obtained quenching alloy, as a crystal phase, it checked that Nd2Fel4 B phase, some 
Fe23B6 phase, and a TiB2 phase existed also about which sample. 
[0062] 

The magnetic properties of the alloy after heating the obtained quenching alloy for 
6 minutes at 700 among argon atmosphere were measured with the sample oscillatory 
type magnetometer (VSM) . A result is shown in Table 2. 
[0063] 
[Table 2] 
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[0064] 

From the result shown in Table 2, magnetic properties were falling relatively with 
the quenching alloy thin band of the sample A-1 and the sample B-1 which did not 
perform the 2nd quenching process by a cooling medium. Since cooling after roll 
passage of the 1st step was insufficient, opening of crystallization latent heat 
takes place, and this is considered to be for crystal growth to already have 
progressed with the thin band immediately after quenching, 
[0065] 

On the other hand, it turned out that the magnetic characteristics which were 
excellent when the quenching alloy thin band of the sample A-2, the sample B-2, and 
the sample B-3 which performed the 2nd quenching process by a cooling medium 
heat-treated are shown. Since the alloy was fully cooled by the 2nd quenching 
process that controls growth of a crystal phase after crystallization by the 1st 
quenching process began, crystal growth is controlled also with the thin band 
immediately after quenching, and it is thought that the organization which shows 
outstanding magnetic properties by subsequent heat treatment was formed. 
[0066] 

Next, the demagnetization curve measured among the above-mentioned samples about the 

sample B-2 (EXAMPLE) and the sample B-1 (comparative example) is explained, 

referring to drawing 4 (a) and (b) . Drawing 4 (a) shows the demagnetization curve 

after quenching, and a solid line is related with the sample B-2 (EXAMPLE). 

A dashed line is related with the sample B-1 (comparative example). 

On the other hand, drawing 4 (b) shows the demagnetization curve after heat 

treatment, and a solid line is related with the sample B-2 (EXAMPLE). 

****** is related with the sample B-1 (comparative example). 

[0067] 

Although the demagnetization curve of the sample B-2 (EXAMPLE) immediately after 
quenching is drawing gently inclined S character curve, it is changing to the 
demagnetization curve excellent in square shape nature after heat treatment, so that 
clearly from drawing 4 (a) and (b) . 
[0068] 

Drawing 5 (a) and (b) is a graph which shows how a demagnetization curve changes 
before and after the above-mentioned heat treatment about each of the sample B-1 
(comparative example) and the sample B-2 (EXAMPLE), in the comparative example, the 
big change to a demagnetization curve is not seen before and after heat treatment, 
but magnetic properties are falling rather by heat treatment so that drawing 5 (a) 
and drawing 5 (b) may be compared and understood. On the other hand, in an example, 
it turns out that improvement in the characteristic has arisen notably after heat 
treatment. By performing two-step quenching shows that the quenching organization 
which can show the characteristic excellent in the last target is formed. 
[0069] 

The X diffraction pattern of the sample (before heat treatment) after quenching is 
shown in drawing 6 and drawing 7. The diffraction pattern (a) shown in drawing 6 and 
drawing 7, (b) , (c) , (e) , and (f) express the crystallinity of the sample B-1, B-2, 
B-3, A-1, and A-2, respectively. Before heat-treating, by the sample B-1 and the 
comparative example of A-1, the crystalline structure where a crystal phase ratio is 
high is generated, so that clearly from drawing 6 and drawing 7. On the other hand, 
in the example of the sample B-2, B-3, and A-2, since the level of a background in 
which an amorphous phase is shown is expensive and the full width at half maximum is 
large compared with the sample A-1 and B-1, it turns out that growth of a crystal 
phase is controlled. 
[0070] 

[Effect of the invention] 

In this invention, after crystallization by quenching of the 1st quenching process 
starts, the 2nd quenching process is quenched to the alloy of a crystallization 
initial state. For this reason, in the process in which a molten metal is quenched 
and solidified, since an alloy is quenched in the temperature requirement where a 
crystallizing reaction advances at high speed, the thing for which the process of 
crystallization is controlled the optimal and to do becomes possible. As a result, 
since big and rough-ization of a crystal grain can be controlled even if it reduces 
the quenching rate in the 1st quenching process relatively, even if it uses the 
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rapid cooling device excellent in the mass production nature whose quenching rate is 
comparatively low, it becomes possible to be stabilized and to produce the quenching 
alloy for highly efficient nano composite magnets. 
[Brief Description of the Drawings] 

[Drawing l]lt is a graph which shows the temporal change (cooling courses 1-3) of 
the alloy temperature in the case of forming a quenching alloy from a molten metal. 
[Drawing 2](b-l) is a figure showing typically the alloy structure in the state b-1, 
(a) is a figure showing the alloy structure in the state a typically, and (b-B) is [ 
(b-2) is a figure showing typically the alloy structure in the state b-2, and ] a 
figure showing typically the alloy structure in the state b-3. 
[Drawing 3]lt is a figure showing the composition of the rapid cooling device 
suitably used by the embodiment of this invention. 

[Drawing 4] (a) is a graph which shows the demagnetization curve before heat 
treatment, and (b) is a graph which shows the demagnetization curve after heat 
treatment . 

[Drawing 5] (a) is a graph which shows the demagnetization curve before and behind 
heat treatment about the sample B-1 (comparative example), and (b) is a graph which 
shows the demagnetization curve before and behind heat treatment about the sample 
B-2 (EXAMPLE) . 

[Drawing 6] It is a graph which shows the X ray circuit pattern after quenching of 

the sample B-1, B-2, and B-3. 

[Drawing 7] It is a graph which shows the sample A-1 and the X ray circuit pattern 
after quenching of A-2 . 
[Description of Notations] 

1 Molten metal 

2 Heater 

3 Nozzle 

4 Quenching roll 

5 The supercooled liquid of an alloy 

6 Secondary roll 

8 Quenching alloy 

9 The hearth of a molten metal 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

Brief Description of the Drawings] 

Drawing l]lt is a graph which shows the temporal change (cooling courses 1-3) of 
the alloy temperature in the case of forming a quenching alloy from a molten metal. 
[Drawing 2] (b-1) is a figure showing typically the alloy structure in the state b-1, 
(a) is a figure showing the alloy structure in the state a typically, and (b-3) is [ 
(b-2) is a figure showing typically the alloy structure in the state b-2, and ] a 
figure showing typically the alloy structure in the state b-3. 
[Drawing 3]lt is a figure showing the composition of the rapid cooling device 
suitably used by the embodiment of this invention. 

[Drawing 4] (a) is a graph which shows the demagnetization curve before heat 
treatment, and (b) is a graph which shows the demagnetization curve after heat 
treatment . 

[Drawing 5] (a) is a graph which shows the demagnetization curve before and behind 
heat treatment about the sample B-1 (comparative example), and (b) is the sample 
B-2. 
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[Translation done.] 
* NOTICES * 

3P0 and INPIT are not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer- So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 



[Drawing 2] 

[Drawing 3] 

[Drawing 4] 

[Drawing 5] 

[Drawing 6] 

[Drawing 7] 



[Translation done.] 
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mm^m^^+^x'h-^i^tii^. m^it^.<mmm^^ . M^mmzm^^mmx' 

mz^^u^^tfimA.X' Lt-y fzfzUbX'h htmti^ti^. 
[00 6 5] 

-lo. <%simmzxi,m2M<%TM^mnLfzmmA-2. mmB- 2. mmB-scom 
}^^^m^ii . m!>m^'€ oztizxK) rnifzWEmt^^-t:! t ift>i}*-> fz.%\ 

Tm.z j; :h^^n\tffimk\-^fz\k. ^^M(^mAnmth%2 m^TMx■^■^ifi^■^\z:^% 

[0066] 
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mz. H4 (a) ioxw (b) trmmL^jtfii^. ±m<Dmm(7) d -h . mnB-2 (mmm 
) fcj;u=WB-i amm) i.z'^\^xw\&Ltzmmmm^:m.m^^. m4 (a) {i. s 
^^m^zm1■^mm.mmi^Lx^iKl . mmmmB-2 (mmm) i,zm-t^^(^x-h>o. 
wmmmB-i (ttm^n izm'thi>c7)X'hh. -ii. 1214 (b) mmmmizi^if 
mmmm^^Lxio^. mmtimmB-2 mmm) izm-t^i>(^xh^. mmmt^m 
mB-i amm) izm-t^i^cox'hi>. 

[0067] 

04 (a) fcit^" (b) j&^^>0H^>>6-^j;dt, MMmznifhumB- 2 (mmm) <^ 
mmm±. mf^ii-\izmm\.ti^^^ij~y^m'^^x\^ht)K mmmk. nmmzwxtz 
wmmz^^\^x\^h. 

[00 68] 

Eis (a) a^vf (b) ii;t4B-i {Ymm) ii^v^mAB-2 (sissfij) 

^x . i.m^m<rmkX'WMm.ifi i: o i a t^^-ft-r § tt^^^-tif^y yxh^. ms 
(a) ^115 (b) h^hmLxht^^ iio\.z^ ^mm:-\imm<7^mkxwm.'mmz± 

mmx'it. mmmi,zmi<D\^±jj^mmiz^tx^^h^btf^h^-'^. 2m.mM<^t:nd ^ 
i: t= i 0 . »^mzm.tifzm'[i^^u%hMi%mm^m^^ti^ ztifiht^h . 

[0069] 

Siii.Umil>Zm^flhm^^^^~y (a.) . (b). (c). ( e ) , iiiV' ( f ) 
, 'tiX-eiX, IS^SfB-l, B-2, B-3. fcj:tJfA-2c7)MH^Hl4^^LTV»§ 
. El6*5j;t5'ia7;^)^ii0J!^>7:)^^J;'3t;. IS^^tB- 1 *3 it^'A- 1 iOJt^MTii, iSiyillSr 

2. B-3. m^u^A-2<7ymmmx\i. w^m-^^-t^^-/^'f^yY<7)v^vtim< 

, af^t-^O^fBfI^iM|JfA-l, B-ltCit^T;^§V^C:J:*^^>, Ss^Hffli^jS^^ijrp 
m^ixxx^hztt^ht-^h. 

[0070] 

[5|Bfl«0^«] 

hxm2m:{%jM<7}im%^fto. zcotii^. -^m^m^Mi^ ■ mm-ti>Mmi>zto\.~^x . $s 
^Bimm:bmi.-mmizm^yi'6&^mx'^^:bm<^^tL^fz^. Sa^B-fbora-fex^* 
Bt^Jiffli^ tts-r i j&i^sgt^i. , -^oisa. m 1 m<^rMizi3if:BM{%mm^m)ii 
m^zi&T^-^x ij . mmLC7)m±^timmx^ ^<^x\ m%m&ii^immi&y^mmmzm. 
rLtiMj%mmi:m'^-^xi,. mm^i-y^y^i^y hm?6mcomi^^±^^&Lx±m.-ti 
ztt^-^miz^^. 

mi ] ^M^m^-^Mi%^±irmm-ti>m-^i>zi3if:h-^imco^^'it (j^sii^i 

~3) ^:^-ti^^yXh^. 

[112 ] ( a ) {i, ^^maiztiifh-^^mmimimz^i-mx^) o . ( b - 1 ) 

«b - 1 tfc(t-&-^ffiiii^^Wt:^-rHTS) 0 . ( b - 2 ) ti. ^^b - 2 I^ZtSifh 

^Mmi:m^miz^-tmTh d , ( b - 3 ) i±. ^t«,b - 3 i;i3fti.^ffli«*^&^ 

[113 ] :$^wMcommmmximizm^^^ixi>mi%mmcomm.^^-tmx%^. 

[114 ] ( a ) {i. i?i^!!^mrc^M?ifti^&*-r^^ yx'h d . ( b ) ii. ffiij!aaf^(7)}ii?i 

[05] (a) {i. litf^B-l (m^J) tOV^Tii5!aJMI>rf*tiD(tl.Milft^^^-r^' 

^yx'h*). (b) Mf4B-2 (HJfe^j) fcoi^Tf^fEffrf^tfeftSMMi^^* 

[06]Mf4B-l. B-2. *3j;t/^B-3«OSJ^f*t-t3(t-&XSSlMllS>N°^'-ySr^-rJ?' 

^yx'h^. 
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2 t-^ 

3 yxvp 

6 2<J:n— 

9 -^^^W^to^jg^ D 
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